Abstract
The Fluids Integrated Rack ( The CIR is the first of the three FCF ISPRs to operate on ISS, currently manifested to be launched aboard Utilization Flight #3 (9/2001). The FIR is next scheduled to fly less than a year later on Utilization Flight #5 (6/2002) and will join the CIR in single "integrated" rack operations. The SAR will follow more than two years after the CIR launch (UF 7) and will provide the CIR and FIR enhanced avionics and experiment support equipment required to meet the full set of facility science requirements.
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Figure 1 -Fluids and Combustion Facility
The FCF shall be designed to operationally support a minimum of 100 Principle Investigator (PI) experiments over a ten-year period after the assembly of the International Space Station and FCF is complete.
To sustain this average of 10 PIs per year, the FCF will be designed to keep PI hardware development costs in the range of $2M per PI experiment.
Also, the upmass (mass that is launched to ISS) per PI will need to be less than 75 kg.
This Figure 4) . The ISPR has a bowed back to provide maximum volume if properly utilized and mounts directly into the ISS US Lab ( Figure 5 ).
The ISPR is designated a "Dash 4" rack since it does not utilize two drawer support posts in the centerline of the rack. This allows for a more open rack and thus, has only four support posts.
Each post of the NASA ISPR includes provisions for structural mounting of payload equipment.
The lower portion of the ISPR provides a utility pass-through area for routing utility lines between the payload rack and the US Lab utility interface panel and between adjacent racks ( Figure 5 ). The ISPR accommodates inter-rack connectivity such that utility lines may be routed through the passthrough area to the cutout located at either of the lower rack sides. The FIR will utilize this cutout to interface key data and communication lines with the SAR. 
Optics Bench
The FIR provides the Principle Investigator (PI) with a Laboratory style "Optics Bench" on which an experiment will be configured. The optics bench features the capability to remove and replace different PI specific experiment packages. The optics bench approach is a common feature between the CIR and FIR designs. This unique design offers the advantage of utilizing the surface area on both sides of the bench and the entire ISPR volume.
The optics bench folds down to allow access to science support packages located on the back side ( Figure 6 ).
The optics bench spans two thirds of the ISPR (Figure 3 ). The optics bench provides nearly one square meter of surface area on the front for which experiment hardware may be configured. The plate on the front will provide an optical precision alignment surface and a stable thermal environment.
This front optics plate serves as the The water-cooled EPCU is located next to the IOP and is also in a drawer.
The EPCU is controlled and monitored by the lOP through a MIL-STD-1553B redundant interface.
The EPCU is an integrated power system building block ( Figure 10 (Figure  11) . Two unique primary lenses will provide a nominal field of view of 10 cm by 10 cm when used with the high resolution cameras and will have motorized focus capability. With special lens attachments, the fields of view of these lenses will be 2.5 cm by 2.5 cm, 5 cm by 5 cm, and 7.5 cm by 7.5 cm. These attachments will be small and easily changed without removing the motorized primary lens. The f-stop will be variable from ffl.9 to f/11. A third lens will provide fields of view of 2.6 mm by 2.6 mm, 5.6 mm by 5.6 mm, 10.4 mm by 10.4 mm, and 12.5 mm by 12.5 mm with resolutions (twice the distance between pixel centers) of 4, 8.5, 16, and 18.8 micrometers, respectively.
An additional lens will provide a 10 cm by 10 cm filed of view for the color camera. Optical component mounting is designed for easy astronaut changeout and reconfiguration. In addition, the PI has the option to replace a camera lens with a specific lens to accommodate specific experimental needs. sensitivities of the selected cameras required by science.
The light from each source will be transmitted to the experiment through an optical fiber; each fiber will have an industry standard optical fiber interface which is accessible from the front of the Fluids rack.
The use of fiber optics also helps isolate the test cell from the heat that the light source generates. The exceptions to this are PI-provided diode lasers, which may be integrated with the experiment but will be powered by the facility-provided diode drivers
The facility will provide white light sources (gasfilled or halogen bulbs) in order to meet the requirement for acquiring color images as well as the requirement for preventing "ringing" in the image caused by light that is highly coherent.
The facility will provide a range of light intensities, between 0.01 mW/cm2 and 0.3 mW/cm2, at a 10 cm by 10 cm area test cell. The white light sources will be delivered via an optical fiber to a woven fiber backlight which will provide uniform lighting while requiring only minimal volume ( Figure  12 ). In addition, an LED array will be provided for short exposure times or high-frame rate imaging, as well as continuous backlighting. The LED array will illuminate the test cell directly by being positioned on the optics plate.
In addition to the white light sources, the facility will provide six lasers.
The FIR provided lasers consist of a Nd:YAG, HeNe, and two pairs of laser diodes with associated driver modules. The Nd:YAG is a high quality, diode-pumped, solid state laser whose wavelength is 532 nm with a laser power of at least 60 mW from the optical fiber. The Nd:YAG beam will provide a laser suitable for critical applications, as well as sufficient power to illuminate relatively large test cell areas. A 1.0 mW single mode HeNe laser (633 nm is linearly polarized with a polarization ratio of greater than 500:1) will provide low-power laser light suitable for critical applications such as interferometry.
The HeNe's laser output beam power is fixed, requiring the user to optically attenuate the beam at the output The thermal control subsystem consists of a distributed network of plumbing to carry supply and return water flow to and from the FIR hardware, including the air-to-water heat exchanger at the top of the ISPR ( Figure  13 ). The heat exchanger removes waste thermal energy (nominally 1500 Watts) using the ISPR internal atmosphere as the medium for thermal energy transfer. This is the main vehicle for removing bulk heat from the FIR. Air-cooled packages will be supplied with cooling air ranging from 30* C (86* F) to 43" C (110°F TheFIRwill betransported totheISSin theMini-Pressurized LogisticsModule(MPLM). The MPLM providesprovisionsto mount sixteen ISPRs, notpowered, in a pressurized environment. TheFIRwill beremoved fromtheMPLMby the crewandcarefully "floated"downto its location in the US Lab for installation. The cameras, lenses, mirrors, optics,andsensitive illumination sources will be loadedinto ISS transportation drawersfor initial launchvia the MPLM to minimize mass. The PI experiment-specific hardware will also be transported in drawers, middeck lockers, or special transportation containers within an ISPR in the MPLM. The hardware will also be returned using the same transportation method. It is anticipated that the MPLM will be transported four times per year by the Space Shuttle to the ISS.
The FIR is being designed to minimize the crew time involved in reconfiguring diagnostics and setting up the specific experiments. Scheduled maintenance will be required of the ISS crew to recalibrate or replace sensors, replace or clean filters, and replace end-of useful-life components. It is not anticipated that on-orbit repairs will be performed, instead Orbital Replacement Units (ORU) will be transported to ISS or taken from onorbit stowage.
Stowage will be provided for science research on the ISS in passive rack locations for ORUs, science hardware, tools, etc.
During the performance of the PIs experiment the FCF will need to provide near-real-time data down-link and near-real-time command up-link to permit the PI to perform remote interaction with the experiment.
The PI will need to be provided with adequate and timely data to react to unexpected scientific phenomena in order to alter the experiment procedures. The telescience operations will be conducted and supported from Lewis Research Center's Telescience Support Center (TSC) to provide this commanding capability.
The ISS crew will not be the primary FCF operators since they will have very limited time to dedicate to a specific facility due to their overall work load in day-to-day operations of the ISS. Instead, the ground team at the TSC and the PI at the remote site will monitor the health and status of FCF and the experiment and control facility functions.
The PI will be provided with the necessary equipment to command sequences from the PI home site.
Summary
The FIR's system architecture presented provides the basis for which experiments just now being conceived can easily take advantage of the ISS environment at a much lower cost. The
International Space Station will provide researchers an exciting opportunity to perform long-term investigations into the fundamentals of science.
The FIR development is currently manufacturing a detailed mockup to examine the interfaces, human factors, packaging, and overall performance of the optics bench approach. The FIR may change from what is currently conceived since redesign is a natural part of the design process, but the fundamental capabilities presented will be maintained.
